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(57) Abstract: Electronic circuits utilize dynamic bus partitioning to reduce power consumption. An electronic circuit includes 
several functional electronic blocks, a bus interconnecting the functional blocks, one or more electronically controllable switches 
partitioning the bus into bus segments and a switch controller. Each of the electronically controllable switches has an on state wherein 
two of the bus segments are interconnected and an off state wherein the two bus segments are isolated. The switch controller controls 
the states of the switches in response to control information representative of the source and the destination of each bus transaction. 
The switch controller may dynamically change the states of the switches between transactions of a sequence of bus transactions. 
In another embodiment, the switch controller may control the states of the switches to permit two or more bus transactions to be 
performed simultaneously. 
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ELECTRONIC CfRrTTTT S WITH DYNAMTr 
BUS PARTITTONTNf: 

Field of the Invention 

This invention relates to buses used for carrying information between functional 
blocks of an electronic circuit and, more particularly, to electronic circuits which utilize 
dynamic bus partitioning for reduced power consumption. The invention is typically utilized 
for unproving the operation of high speed circuitry on a single monolithic substrate, but is not 
limited to such use. 



Background of the Invention 

In state of the art processors, the use of on-chip memory and wide internal buses has 
become an increasingly common approach to solving the throughput bottleneck associated 
with moving data on and off a chip. This trend, combined with very long instruction word 
arch,tectures and high operating frequencies, has caused the capacitance and power 
consumption of on-chip buses to increase dramatically. 

As used herein, the term "bus" refers to a set of electrical conductors, typically 
multmle conductors, used for carrying electrical signals between two or more circuits The 
bus may be a data bus, an address bus, a control bus or any other type of bus. The e.ectrical 
signals may represent data, addresses, control information, instructions, operands or any other 
type of information. The bus is typically an internal bus on a monolithic integrated circuit 
known as an "on-chip" bus. 

A digital signal processor architecture that utilizes three 128-bit data buses is 
disclosed in U.S. Patent No. 5,896,543 issued April 20, 1999 to Garde. The data buses 
interconnect three memory banks, two computation blocks, a control block and an external 
port. The clock rate of the data buses may be 166 Megahertz or greater. It may be shown 
that three 128-bit data buses operating at a frequency of 250 Megahertz dissipate 1 5 watts 
when it is assumed that each bus conductor has a capacitance of 5 picofarads. The size and 
complexity of such a digital signal processor architecture dictate a large chip and therefore 
relatively long bus lengths and high capacitance. The higher capacitance contributes to 
increased power dilation and reduces the maximum operating frequency. Furthermore in 




WO 01/73566 PCT/US01/09521 

-2- 

devices having buses with a large number of bits, it is not always possible to simply make 
each conductor wider to increase the speed of the bus, as this would cause the bus to be 
unacceptably large. The bus would also consume far too much power, since the power of the 
bus grows linearly with the width of the bus conductors. 
5 A technique for reducing power dissipation in large datapaths is disclosed by H. 

Kapadia et al. in "Reducing Switching Activity on Datapath Buses with Control-Signal 
Gating", IEEE Journal of Solid-State Circuits, Vol. 34, No. 3, March 1999, page 405-414. 
The disclosed technique involves control signal gating. When a bus is not used in a datapath, 
it is held in a quiescent state by stopping the propagation of switching activity through the 
10 module driving the bus. The disclosed technique involves the use of multiplexers in the 
datapath. This approach has the disadvantage that the multiplexers can add significantly to 
the delay of the datapath. 

Accordingly, there is a need for improved techniques for reducing power dissipation 
and capacitance on high speed buses. 

15 

Summary of the Invention 

According to a first aspect of the invention, electronic apparatus is provided. The 
electronic apparatus comprises a plurality of functional electronic blocks, a bus 
interconnecting the functional blocks, one or more electronically controllable switches 

20 partitioning the bus into bus segments and a switch controller. Each of the electronically 

controllable switches has an on state wherein two of the bus segments are interconnected and 
an off state wherein the two bus segments are isolated. The switch controller controls the 
states of the electronically controllable switches in response to control information, such as 
information representative of the source and the destination of each bus transaction. 

25 In a preferred embodiment, the functional blocks are components of a digital signal 

processor and may be fabricated on a single substrate. 

The switch controller may include a source-destination decoder for controlling the 
states of the electronically controllable switches in response to control information 
representative of the source and the destination of each bus transaction. The switch controller 

30 may dynamically change the states of the electronically controllable switches between 

transactions of a sequence of bus transactions. In another embodiment, the switch controller 
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-y - the su.es of , he elec^C* K>1MrolIable ^ „ ^ 
transactions to be performed simultaneously. 

According to another aspect of the invention, a method is provided for 
communicating between functional blocks in electronic apparatus comprising a plurality of 
functional electronic blocks interconnected by a bus. The method comprises the steps of 
P— g *e bus into bus segment,, enabling a bus transaction between a source functiona, 
block and a donation functional block by interconnecting bus segments to complete a 
connection between the source and destination functional blocks, and performing the bus 
transaction on the interconnected bus segments. 

According to a further aspect of the invention, electronic apparatus comprises a 
Plurality of functional electronic blocks interconnected by a bus, means for partitioning the 
bus into bus segments, and means for enabling a bus transaction on the bus by 
mterconnecting bus segments in response to control information representative of the source 
and the destination of the bus transaction. 



Brief Descrip tion of the Drawings 

For a better understanding of the present invention, reference is made to the 
accompanying drawings, which are incorporated herein by reference and in which" 
Fig. 1 is a block diagram of a digital signal processor architecture suitable for 
20 incorporation of the present invention; 

Fig. 2 is a block diagram of an embodiment of the present invention; 
Figs. 3-6 are block diagrams that illustrate different embodiments of the invention in 
an example of electronic apparatus having three functional electronic blocks- 

Fig. 7 is a block diagram of a first example of an implementation of an electronically 
IS controllable switch for partitioning a bus into bus segments; 

Fig. 8 is a block diagram of a second example of an implementation of an 
electronically controllable switch for partitioning a bus into bus segments; and 

F,g. 9 is a block diagram of an embodiment of the invention wherein two bus 
transactions may be performed on different groups of bus segments simultaneously. 
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Detailed Description 

A block diagram of a digital signal processor (DSP) 10 suitable for incorporation of 
the present invention is shown in FIG. 1. The principal components of DSP 10 are 
computation blocks 12 and 14, a memory 16, a control block 24, link port buffers 26, an 
5 external port 28, a DRAM controller 30, an instruction alignment buffer (IAB) 32 and a 

primary instruction decoder 34. The computation blocks 12 and 14, the instruction alignment 
buffer 32, the primary instruction decoder 34 and the control block 24 constitute a core 
processor which performs the main computation and data processing functions of the DSP 1 0. 
The external port 28 controls external communications via an external address bus 58 and an 
10 external data bus 68. The link port buffers 26 control external communication via 

communication ports 36. The DSP is preferably configured as a single monolithic integrated 
circuit. 

The memory 16 includes three independent, large capacity memory banks 40, 42 and 
44. In a preferred embodiment, each of the memory banks 40, 42 and 44 has a capacity of 

15 64K words of 32 bits each. Each of the memory banks 40, 42 and 44 preferably has a 128-bit 
data bus. Up to four consecutive aligned data words of 32 bits each can be transferred to or 
from each memory bank in a single clock cycle. 

The elements of the DSP 10 are interconnected by buses for efficient, high speed 
operation. Each of the buses includes multiple lines for parallel transfer of binary 

20 information. A first address bus 50 (MAO) interconnects memory bank 40 (MO) and control 
block 24. A second address bus 52 (MAI) interconnects memory bank 42 (Ml) and control 
block 24. A third address bus 54 (MA2) interconnects memory bank 44 (M2) and control 
block 24. Each of the address buses 50, 52 and 54 is preferably 16-bits wide. An external 
address bus 56 (MAE) interconnects external port 28 and control block 24. The external 

25 address bus 56 is interconnected through external port 28 to external address bus 58. Each of 
the external address buses 56 and 58 is preferably 32 bits wide. A first data bus 60 (MD0) 
interconnects memory bank 40, computation blocks 12 and 14, control block 24, link port 
buffers 26, IAB 32 and external port 28. A second data bus 62 (MD1) interconnects memory 
bank 42, computation blocks 12 and 14, control block 24, link port buffers 26, IAB 32 and 

30 external port 28. A third data bus 64 (MD2) interconnects memory bank 44, computation 
blocks 12 and 14, control block 24, link port buffers 26, IAB 32 and external port 28. The 
data buses 60, 62 and 64 are connected through external port 28 to external data bus 68. Each 
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of the data buses 60, 62 and 64 is oreferablv 1 ?R Mt* , 'a 

preferab,y 64 bits wide. ' "* "" m,a ' <""» 68 is 

The control block 24 induces a progmm ^„ 70 , . ErsI - ^ n 
ALU), a second integer ALU 74 (K ALU), a fcs, DMA address 8 =nera,o, 76 (DMAG A, and 
3 a™MA,d*e S s g e„erato,78 ( DMAO B , The integer ALU's 72 and 74, al dl&rmt 
tones, execute mteger ALU inamcdons and perfotm dat, address generarion. During 
executmn of a program, the program sequencer 70 supphes a sequence of ms^on 
stresses o„ one of the address buses 50, 52, 54 and 56, depending on the memory location 

. . TJZT 7T "** ° f ,he tate8er ALU ' S 72 Md 74 sup * s • d - « 

on of the addtess buses 50, 52, 54 and 56, depending on the loeadon of me opetund required 
memory 42 Md „ supply ^ _ ^ ^ ^ ^ ^ ^ 

both of me computatton blocks 12 and 14. The memory btaka 40, 42 and 44 am 
mterchangeable with respect ,„ storage of instmcrions md opCTiulds 

■5 ASi ° di ^ ab -=.™*^buse S „p erenng a,hi g h S peed, s „chas,hem,eel28-bi, 
d^buaeammedigim,^,^,^,^ Lpcoduoe signi^po^rdiaaipadon. An 
electron* enem, wherein bua power dissipation is hmired is shown in the schematic block 
dtagram of F* 2. Functional electamic blocks 1 10, 1 12, 114, 1 16 and 1 18 arc 

20 «r b,ab : 12<> - F ~ b, " kS " 0 '» 2 -»^""^a y eo„espond,for 
example, to memo,, bank 40, computed,* b.ook ,2, condo, block 24 a„d externa, port 2 8 
mspechvdy.mFig. ,,andbus 120 may contend to ,28-hi, databus 60. fngenem, ' 
^blocks 1,0, 112, 1,4, „6and 1,8 are electronic circuits, and boa ,20 is .multiple 
conductor connectton between the electronic circuits. 

An electronically condollable switch 130 partitions butt 120 into, bus segment 132 

cgmenu 32 and a bus segment ,42. An electronically controdable switch 
120 tnto bus segment 142 and a bus segment ,52. Each of the switches 130, 140 and ,50 
tncludes a switch element for switching each conductor of bus ,20. Thus, for examp,e 
whero bus 120 has 128 conduce™, each ofswitches ,30, ,40 and ,50 has ,28 switch ' 
elements. A switch controller 1 60 controls the states of switches 130, 140 and 150 in 
■espouse to contto, information as described berow. In the example of Fig 2 switch 
controller ,60 includes a sourcdeadnadon decoder ,62 and a kttch ,64. Switch controher 
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160 may receive address and control information, and provides switch control signals to 
switches 130, 140 and 150. 

The system of Fig. 2 is based on the fact that most bus transactions in a typical 
electronic circuit involve a single source and a single destination. A bus transaction is 
5 defined as the sending of information from one functional block to one or more other 

functional blocks connected to the bus. For example, with reference to Fig. 1, memory bank 
40 may send an instruction or an operand to computation block 12 in response to an address 
on address bus 50. Only those of switches 130, 140 and 150 needed to perform the bus 
transaction are closed, and the remaining switches, if any, are left open. As a result, bus 

10 segments required for performing the bus transaction are interconnected, and the remaining 
bus segments are electrically isolated from the interconnected bus segments. This reduces 
power consumption and capacitance. For example, assume that a bus transaction involves 
transfer of data from functional block 1 10 to functional block 112. In this case, the switch 
elements of switch 130 are closed, thereby interconnecting bus segments 132 and 134, and 

15 the switch elements of switch 140 are opened, thereby electrically isolating bus segments 142 
and 152 from bus segments 132 and 134. Accordingly, the bus transaction is performed on 
bus segments 132 and 134, and the capacitance of bus segments 142 and 152 is removed 
from the bus for this transaction, thereby reducing the power dissipation associated with the 
bus transaction. In this description, switches are "closed" when they are in the conducting 

20 state and are "open" when they are in the non-conducting state. 

It will be understood that different bus transactions may involve different functional 
blocks and therefore may require different switch states. For example, a bus transaction 
between functional block 110 and functional block 1 14 requires that switch 140 be closed and 
that switches 130 and 150 be open. A transaction between functional block 1 14 and 

25 functional block 116 requires that switch 150 be closed and that switch 140 be open. A 
transaction between functional block 1 12 and functional block 1 16 requires switches 130, 
140 and 150 all to be closed. For a transaction between block 116 and block 118, switch 150 
may be open. In this case, the bus transaction is performed between two blocks (blocks 116 
and 1 18) on a single bus segment (segment 152), and the remainder of bus 120 is isolated 

30 from bus segment 1 52. 

Some bus transactions may involve more than one destination. In that case, the 
appropriate switches are closed to interconnect the source functional block to the destination 
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and . ,4 are the debate, swi,chea , 30 and ,40 ate closed, and switch , 50 is opened 

™ e 7 i, ° hCO ° troUe ' , « , «'»^''»^.feach„f 1 he S w i «che S 130,,40a„d,50 
. .n U, etteotp c of Fig . 2 , sou.e-desdn.don decoder ,« receives the add*, bus and con J ' 
■gnais whtch ntdicaK the source and ft. deadnarion of each boa d^tcdon. Source and 
deaunadon tnfonoadon i, present in the Cectrotdc circoi. in order to control each bus 
paction, even in the absence of boa parddoning. For exantple, condol sigmls may 
tdenttf, bo, m aater (source,, and ^ signa|s My ^ ^ 
source and desdnadon infonnadon, the sourccdesdnadon decode, defines the appropriate 
^^^-^^^^.Poreachaou^^.^^^^17 
conttundt. required states of switches 130, ,40 and ,50. Exatnp,es of switch states for 
ddre.cn, soorce-desdnarion pata are given above. Latch ,64 receives the svstent Cock and 
ts used ,„ synchronize dte switch states with respeMive bus UmMm ^ , M 
■ s tndudes a ,a,ch Content corresponding ,o each switeh, wid, each „ K h clenten, controlhng 
d-sntteofdteeo^spondingswiuth. The„«put of ,a,ch 164, shown schemaricallv as , 
angle Itnetn Fig. 2, provides signals for controlling s^tchea ,30, ,40 and ,50 as described 
below. 

A sequence of bus transactions may involve different source-destination pairs The 
switch controller 160 controls the states of the switches 130, ,40, ,50 dvnamicaHy during the 
sequence of bus transactions to ensure proper interconnection of bus segments to enab,e the 
bus transactions to be performed. Thus, the switch controller , 60 dvnamicaHy changes the 
s^s of the switches between bus transactions. Latch ,64 ensures that the switch states are 
stabilized when each bus transaction is performed. 

^ tb A Tu Vadety ^ COnfigUrati ° nS be « ^ partitioning buses within 

he scope of the invention. The switch configuration depends on the bus topology, the bus 
length and the added circuitry needed for bus partitioning. Examples of different switch 
configurations for an electronic apparatus having three functional Woclcs are shown in 
Figs. 3-6. Like elements in Figs. 3-6 have the same reference numerals. In Figs 3-6 

30 functional electronic blocks 210, 212 and 214 are interconnected by a bus 220 In the 
examp, e of Fig. 3, switches 230, 232 and 234 are placed in bus segments connected to 
functional blocks 2,0, 2,2 and 2,4, respective*. In this configuration, at least two switches 
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must be closed in order to perform a bus transaction. In Fig. 4, switches 240 and 244 are 
placed in the bus segments connected to functional blocks 210 and 214, respectively. The 
switches 240 and 244 can be positioned in any two of the bus segments. In Fig. 5, a single 
switch 250 is placed in the bus segment connected to functional block 210. This 
configuration may be desirable, for example, where the bus segment connected to functional 
block 210 is longer than the other bus segments. The single switch 250 may be positioned in 
any of the bus segments as desired. Fig. 6 illustrates a switch configuration where a switch 
260 is placed between functional blocks 210 and 212; a switch 262 is placed between 
functional blocks 212 and 214; and a switch 264 is placed between functional blocks 210 and 
214. In the configuration of Fig. 6, any two functional blocks may be interconnected by 
closing a single switch. Figs. 3-6 illustrate the fact that many switch configurations may be 
utilized for partitioning a bus, even where the bus is connected to only three functional 



Bus partitioning depends on a number of factors, including bus length and bus 
geometry. The optimal partitioning from a speed standpoint is to partition the bus into equal 
bus segments, assuming that wire capacitance dominates gate capacitance. The RC delay of 
the wire increases quadratically with the wire length. As the bus is partitioned into more 
segments, the wire delay goes down, while the driver delay goes up, because some delay is 
added by each gate, or switch element, that is placed in the datapath. In general, more 
partitions are needed for longer buses. Furthermore, the partitioning should be done in such a 
way that, if possible, the functional blocks that communicate most frequently with each other 
are located on the same bus segment. This permits a larger percentage of the capacitance to 
be isolated from the bus more frequently. A given bus may be partitioned into 2 to n 
segments, and the segments may be interconnected by 1 to m electronically controllable 
switches. A particular bus transaction may require 1 to n segments and may require that 0 to 
m switches be closed. 

An example of an implementation of a dynamic electronically controllable switch for 
bus partitioning is shown in Fig. 7. Circuitry for a single bus conductor is shown in Fig. 7. It 
will be understood that the circuitry is repeated for each bus conductor. Dynamic logic is 
logic that has a precharge phase and an evaluation phase, both controlled by a clock. During 
the precharge phase, the output of a gate is precharged to logic state "1", and during the 
evaluation phase that follows, the output can be pulled down to logic state "0" by turning on a 
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transistor or kept at logic state "1 " if the transistor is turned off. Dynamic gates are thus 
cycled with precharge and evaluation phases. In Fig. 7, all enable signals are derived from 
clocks, meaning that each NOR gate is turned off during the precharge phase and is 
selectively turned on (depending on the source/destination address) during the evaluation 
phase. 

Precharge circuits 310, 312 and 314 receive the system clock and are connected to bus 
segment 1 conductor 320, bus segment 2 conductor 322 and bus segment 3 conductor 324, 
respectively. A NOR gate 330 and an FET 332 are connected between segment 1 conductor 
320 and segment 2 conductor 322. NOR gate 330 receives an enable signal En(0) from 
switch controller 160 (Fig. 2). A NOR gate 334 and an FET 336 are connected between 
segment 1 conductor 320 and segment 3 conductor 324. NOR gate 334 receives an enable 
signal En(l) from switch controller 160. A NOR gate 340 and an FET 342 are connected 
between segment 2 conductor 322 and segment 1 conductor 320. NOR gate 340 receives an 
enable signal En(2) from switch controller 160. A NOR gate 344 and an FET 346 are 
connected between segment 2 conductor 322 and segment 3 conductor 324. NOR gate 344 
receives an enable signal En(3) from switch controller 160. A NOR gate 350 and an FET 352 
are connected between segment 3 conductor 324 and segment 1 conductor 320. NOR gate 
350 receives an enable signal En(4) from switch controller 160. A NOR gate 354 and an FET 
356 are connected between segment 3 conductor 324 and segment 2 conductor 322. NOR 
gate 354 receives an enable signal En(5) from switch controller 160. Each NOR gate and 
associated FET constitute a unidirectional switch element, and each enable signal constitutes 
a switch control signal. Thus, NOR gate 330 and FET 332 constitute a unidirectional switch 
element 360, and NOR gate 340 and FET 342 constitute a unidirectional switch element 362. 

The switch embodiment of Fig. 7 provides a directional connection between bus 
segment conductors. Thus, for example, switch element 360 provides a connection in one 
direction from segment 1 conductor 320 to segment 2 conductor 322; and switch element 362 
provides a connection in the reverse direction from segment 2 conductor 322 to segment 1 
conductor 320. Thus, switch elements 360 and 362 constitute a bi-directional switch element 
of an electronically controllable switch for partitioning bus segments 1 and 2. 

An example of an implementation of a static electronically controllable switch for bus 
partitioning is shown in Fig. 8. Like elements in Figs. 7 and 8 have the same reference 
numerals. In distinction to the dynamic logic described above, static logic is not dependent 
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on a clock for proper evaluation. A unidirectional switch element 400, connected between 
segment 1 conductor 320 and segment 2 conductor 322, includes a NAND gate 410, a NOR 
gate 412 and FETs 414 and 416. NAND gate 410 receives the bus signal on segment 1 
conductor 320 and an enable signal En(l). The output of NAND gate 410 is connected to the 
5 gate of FET 414. NOR gate 412 receives the bus signal on segment 1 conductor 320 and an 
inverted enable signal En_n(l). The output of NOR gate 412 is connected to the gate of FET 
416. FETs 414 and 416 are connected in series between the supply voltage and ground. The 
node connecting FETs 414 and 416 is connected to segment 2 conductor 322. A 
unidirectional switch element 418, including NAND gate 420, NOR gate 422 and FETs 424 

10 and 426, is used for connecting segment 2 conductor 322 to segment 1 conductor 320. 

Unidirectional switch elements 400 and 418 constitute a bidirectional switch element of an 
electronically controllable switch for partitioning bus segments 1 and 2. This circuit is 
replicated for each switch element of each switch. 

The implementations of the electronically controllable switches shown in Figs. 7 and 

15 8 and described above involve the addition to the bus of buffers, such as NOR gate 330 and 
FET 332 in Fig. 7. It may be demonstrated that the buffers make the bus operate faster than 
if there were no buffers at all. 

Another embodiment of the invention is described with reference to Fig. 9. Like 
elements in Figs. 2 and 9 have the same reference numerals. An electronic circuit shown in 

20 Fig. 9 employs the same basic circuit topology as the electronic circuit of Fig. 2, including 
functional blocks 1 10, 1 12, 1 14 and 116, and switches 130, 140 and 150 for partitioning bus 
120. A switch controller 510 includes a first source-destination decoder 520, a second 
source-destination decoder 522 and a latch 524. Latch 524 includes a latch element 
corresponding to each switch, with each latch element controlling the state of the 

25 corresponding switch. The configuration of Fig. 9 permits two bus transactions to be 

performed on bus 120 simultaneously. For example, functional block 1 10 may be the source 
of a first bus transaction and functional block 1 12 may be the destination of the first bus 
transaction, thus requiring switch 130 to be closed. Functional block 1 14 may be the source 
of a second bus transaction and functional block 1 1 6 may be the destination of the second bus 

30 transaction, thus requiring switch 1 50 to be closed. In this case, switch 140 is open. The first 
bus transaction is performed on a first bus section including bus segments 132 and 134, and 
the second bus transaction is performed on a second bus section including bus segments 1 42 
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transactions can be perfbimed simultaneously. 

The abHifl, ,„ p erforai simul0meous bus configuration 

performed simultaneously, because the same bus segment is required for both bus 
h— , However, when bus factions can be performed sitnuhtmeousiy higher 
^roughpu, ,s achieved, and me power dissipation associated with each bus JJL b 
reduce.. Because of the ,„ge wfdth of buses in terms 0 f numbers of bits, it „ ay M " 
oosstbie .„ atmp,, mahe the bus conduce ^ as m ^ _ fc ^'J * 

ZZZZ "T " U ° U8hP '" " " ^ *■ *"* " - fo ™ 
transactions may provide a significant saving. 

soume and the desttnatton of me Or* bus hansacuon and detormines the required switeh 
am.es for performtng the fim, bus s „ uree Jesti „ alion ^ 

» addresa tnfotntafion .presence of Ote source and me destination of the second bus 
mnsactton and detenninea «he req„i„d switch sra.es for performing toe scc „„d bus 

STIT ° f *«— » - « ato suppued to iatch 

524, whtchprovtdea atgnals for controhing messes of switches .30, ,40 and ,50 ,„ the 
examp.e escribed above, stviteh ,30 is Cosed ,o enabie toe f„ sl bus tmt^on between 
» fttoc™* b ooh „0 and fiutctiona, o,„c t , , 2; switeh ,50i s Cosed .„ e„ah,e me second bus 
hereon fitnefiona, b,oc k , ,4 and tonciona, bioeh „o; and switch ,40 is opL to 

nof b-W ,o two sm , ultmeous bus ^ more ^ ^ 

perfumed i(pemitted by me bus 

» ^.nsacons. Thts feanue may bepa^arfy advantageous in me case of repeuuve bus 
ZZZr m * mDUA *-* a - ^ or cxam Pte, with reference to Fig. ,, the DMA units 
b,„r » """"^ — ° fa * *- ** — PO« 28, whi,e computation 

blocks ,2and,4comn,umc.ton,os,„f„e l in,.wi 1 hmemo^ban 1 t S 40,42a„d44. Thus toe 
two rransaeoon types have different sources and destinations 

3» The ^invention has been described in connection with digital aignal processors 

However, toe tnvention may be utifiaed with aoy proceasing uni, or electronic eireui, where 
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reduction of bus power dissipation may be advantageous. The invention is considered to be 
most practical for use with on-chip buses, but is not limited to this application. 

While there have been shown and described what are at present considered the 
preferred embodiments of the present invention, it will be obvious to those skilled in the art 
5 that various changes and modifications may be made therein without departing from the 
scope of the invention as defined by the appended claims. 
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CLAIMS 



1. 



Electronic apparatus comprising: 

a plurality of functional electronic blocks; 

a bus interconnecting said functional blocks; 

« or more electronically controllable switches partitioning said bus into bus 



' switche : switchconfro,ierforcontroi,i ^ 

switches m response to control information. 

cl D0 „ E T tr r, aPParatUS " ^ " d3im Wh£rein S3id *«* - 

components of a digital signal processor. 

3. Electronic apparatus as defined in claim 1, wherein said functiona, blocks comprise a 
computation block, a memory block and a control block. 

4- Electronic apparatus as defined in claim 1, wherein said functiona , b]ocks sajd ^ 

5- Electronic apparatus as defined in Cairn 1, wherein said bus comprises multiple 

conductors wherein each of said electronically controllable swi^^^ 
conductor of said bus. 

6. Hecsonic apparaius as defined in claim , , herein said swiieh eontote o„ mprises . 

7. Electa apparaius as defined in eiata ,. wherein said switch 
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between transactions of a sequence of bus transactions, in response to control information 
representative of the source and the destination of each of the bus transactions. 



8. Electronic apparatus as defined in claim 1, wherein said switch controller comprises 
5 means responsive to control information representative of the source and the destination of 

each bus transaction for controlling the states of said electronically controllable switches. 

9. Electronic apparatus as defined in claim 1, wherein said switch controller comprises 
means for controlling the states of said electronically controllable switches to permit two or 

10 more simultaneous bus transactions on said bus. 



10. Electronic apparatus as defined in claim 1, wherein said switch controller comprises 
first and second source-destination decoders, each responsive to control information 
representative of the source and the destination of a different bus transaction, for controlling 
15 the states of said electronically controllable switches to permit first and second simultaneous 
bus transactions on said bus. 



11. In electronic apparatus comprising a plurality of functional electronic blocks 
interconnected by a bus, a method for communicating between the functional blocks, 

20 comprising the steps of: 

partitioning the bus into bus segments; 

enabling a bus transaction between a source functional block and a destination 
functional block by interconnecting bus segments to complete a connection between the 
source and destination functional blocks; and 
25 performing the bus transaction on the interconnected bus segments. 

12. A method as defined in claim 1 1, wherein the step of partitioning the bus comprises 
partitioning a bus fabricated on a single substrate. 



30 



13. A method as defined in claim 11, wherein the step of partitioning the bus comprises 
partitioning the bus with one or more electronically controllable switches and wherein the 
step of enabling a bus transaction comprises controlling the states of the electronically 
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] 4. A method as defined in claim 1 1 wherein tfe« ^ 
1* A method as defined m claim 1,, wh^ta fc aep of ^ 
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1 7. Electronic apparatus comprising: 

a plurality of functional electronic blocks interconnected by a bus- 
means for partitioning the bus into bus segments; and 

means for enabling a bus transaction on the bus by interconnecting bus segments in 



18. 



Electronic apparatus as defined in claim 17, wherein said functional blocks are 
components of a digital signal processor. 

19- Electronic apparatus as defined in claim 17, wherein said functional blocks comprise 
a con.putat.on block, a memory block and a control block. 
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20. Electronic apparatus as defined in claim 17, wherein said functional blocks and said 
bus are fabricated on a single substrate. 

21. Electronic apparatus as defined in claim 17, wherein said means for partitioning the 
bus comprises one or more electronically controllable switches, each having an on state and 
an off state, and wherein said means for enabling a bus transaction comprises a switch 
controller for controlling the states of said electronically controllable switches in response to 
said control information. 

22. Electronic apparatus as defined in claim 21, wherein said switch controller comprises 
a source-destination decoder for controlling the electronically controllable switches in 
response to said control information. 

23. Electronic apparatus as defined in claim 21, wherein said switch controller comprises 
means for dynamically changing the states of said electronically controllable switches 
between transactions of a sequence of bus transactions, in response to control information 
representative of the source and the destination of each of the bus transactions. 

24. Electronic apparatus as defined in claim 21, wherein said switch controller comprises 
means for controlling the states of said electronically controllable switches to permit two or 
more simultaneous bus transactions on said bus. 

25. Electronic apparatus as defined in claim 21, wherein said switch controller comprises 
first and second source-destination decoders, each responsive to control information 
representative of the source and the destination of a different bus transaction, for controlling 
the states of said electronically controllable switches to permit first and second simultaneous 
bus transactions on said bus. 
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